is shown by both groups to be contact-mediated, and avoidance defects in Dscam mutants are not simply a result of dendrite enclosure. The underlying mechanisms mediating dendritic self-avoidance and tiling thus rely both on contact-mediated repulsion and on processes that restrict dendrites to a two-dimensional space so that they can indeed contact each other.
Together these results point to the importance of understanding the cellular milieu as well as the three-dimensional environment in which neurons develop. Whether two-dimensional restriction influences tiling or self-avoidance in other systems, such as the mammalian retina [12] or somatosensory axons [13] , remains unknown. In da neurons, the precise mechanism through which integrin signaling leads to retention of dendrites at the ECM, or the functional role (if any) of the occasional enclosed dendrites in wild-type animals, is also still unclear. Indeed, whether enclosure is simply a result of reduced adhesion or a more active and regulated process is unknown. Mutants in the Trc/Fry pathway may regulate integrin interaction with the ECM, or they may be involved in a parallel pathway mediating adhesion via another receptor. Either way, molecules regulating neuron-ECM interactions are proving to be important mediators of neuronal development. A recent study has identified a novel form of short-term memory in the spinal cord that employs a ubiquitous mechanism for cellular homeostasis to encode neuronal network activity and adjust locomotor behaviour on the basis of past performance.
John Simmers
As the London Olympics approach, every armchair athlete knows that sprint events take place over consecutive days, while longer races will be staged at intervals that increase proportionately with the distance and endurance of the event, leading ultimately to the one-off marathon. Past experience and knowledge of how to optimise metabolic recovery and physical performance while minimising risk of injury are the self-evident dictates of such scheduling. Moreover, whereas a sprinter attempts to operate maximally throughout each event, in a trade-off between speed and endurance, the marathonian must conserve physical effort in order to achieve distance. While these distinctions are generally associated with the demands and constraints of peripheral muscle metabolism and fatigue, whether limiting factors are additionally imposed by the underlying motor circuits within the central nervous system itself remains largely unknown. Do animals also possess the ability to adjust the expression of their locomotory behaviour according to how far and how fast they have previously run, flown, or swum? In their report in this issue of Current Biology, Zhang and Sillar [1] present compelling evidence that the spinal motor circuitry responsible for generating swimming in the Xenopus frog tadpole is indeed capable of making experience-dependent changes to its locomotor actions. Intriguingly, moreover, this short-term memory capacity is attributed to the often overlooked actions of the electrogenic Na + /K + exchange pump, an essential yet unfashionable cellular mechanism that is omnipresent in the different tissues of most organisms.
Locomotion in Xenopus tadpoles, as in vertebrates generally, is produced by a central pattern generator (CPG) network within the animal's spinal cord and hindbrain, and is one of the best understood motor circuits in terms of constituent neuron identities, their membrane properties and synaptic wiring [2] . Moreover, how such rhythmogenic networks operate [3] and are influenced by sensory and brain inputs in order to adjust motor output to immediate behavioural demands [4, 5] is becoming increasingly understood. But whether animals such as the relatively simple tadpole can adjust future locomotor performance on the basis of past activity is relatively unknown.
In addressing this issue, Zhang and Sillar [1] first noted that sensory-evoked bouts of swimming activity in tadpoles occur in such a way that the duration of a given swim episode, which can last from a few seconds to several minutes, correlated linearly with the time interval from the preceding episode. The implications of this neurobehavioural observation were important, because it indicated that the animal's CPG circuitry was somehow able to retain a memory trace of recent output so that intense swimming activity led to shorter subsequent bouts, while weaker activity enabled more prolonged locomotion, analogous to the sprinter versus the marathon runner.
By making intracellular patch recordings from identified CPG neurons in paralysed animals during so-called 'fictive swimming', the authors discovered that this memory formation was associated with a prolonged reduction in CPG network excitability and, specifically, to the presence of an underlying 'ultra-slow afterhyperpolarisation' (usAHP) in individual swim circuit neurons that followed each swim episode ( Figure 1A ). The amplitude (and therefore duration) of the usAHP, which could last up to a minute, was proportional to the intensity and duration of previous activity in locomotor CPG neurons. Intriguingly, moreover, the usAHP was found to be mediated not by changes in conventional membrane ion currents [6] Because Na + /K + pump function is directly related to intracellular levels of sodium that are inevitably augmented following network activity, as Zhang and Sillar [1] elegantly demonstrate, the presence and amplitude of the resulting usAHP is a function of the number and intensity of sodium-dependent impulses generated during a previous bout of swimming. As they conclude, therefore, the usAHP reflects a spike-counting mechanism that provides a direct linkage between locomotor network performance and neuronal membrane potential. The sodium entry during high frequency action potential firing triggers a homeostatic restoration of ionic gradients via Na + /K + pump activation. The enhanced exchange of three Na + for two K + ions presumably leads to the net extrusion of more positive charge and hence a long-lasting hyperpolarisation which reduces network excitability for a duration determined by the intensity of previous activity and the magnitude of the resulting usAHP ( Figure 1B , compare with A). Consequently, the pump-mediated usAHP confers upon the spinal CPG a dynamic cellular memory of network output, thereby determining the timing and duration of future locomotor behaviour. Interestingly, not all CPG cell types express the usAHP, which as the authors posit, could allow network function under extreme circumstances, such as escape from the sudden threat of predation. It is also possible that pump activity in the different neuron classes can be regulated by extrinsic modulatory influences acting through (B) After an intense bout of swimming, pump operation is enhanced by the elevated levels of impulse firing, resulting in a larger, long-lasting AHP that has insufficient time to decay before the start of the next evoked episode. The persistent usAHP memory trace reduces CPG network excitability and the subsequent episode duration is decreased.
known intracellular second messenger pathways [7] , providing an important future direction for studies of pump function in brain circuits.
These compelling new observations thus highlight a largely unsuspected role for an 'old' mechanism, and for the first time in a vertebrate, within the context of identified neurons, the circuitry to which they belong, and the behaviour for which this network is responsible in the intact animal. Whether pump-mediated AHPs are engaged in memory formation in other motor networks remains to be seen, although significantly, in a manner similar to the usAHP reported here, motoneurons that generate crawling movements in larvae of the fruitfly Drosophila have been found to express a seconds-long, activity-dependent hyperpolarisation via the activation of Na + /K + pumps, thereby also implying a short-term memory role in the control of invertebrate locomotion [8] .
In an era where basic neuroscience research is becoming increasingly pre-occupied with a seemingly limitless range of genetically modified animals, it is almost reassuring to be reminded of the value of more traditional experimental organisms in unravelling the mysteries of brain function. The recent study of Zhang and Sillar [1] serves as a poignant reminder that tractable model systems such as the simpler Xenopus tadpole are far from having had their last word as we endeavour to bridge the knowledge gaps between neurons, networks and behaviour [9] .
